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Abstract. Natural hazard studies are often based on the spatial analysis of re-
markable past events. However, historical information contains imperfections in 
its spatial and temporal locations and in the description of events. In this paper, 
we want to show the benefits of a system approach, that take the context of use 
of the visualization into account during the early phase of storing up data in the 
GIS, in order to make maps with imperfect data. We base on a concrete exam-
ple: making a map of the chronology of phenomena during a past flood event, 
for decision makers who are lay users in cartography. 
 
Keywords: historical data; natural hazards; imperfection; uncertainty; chrono-
logical map. 
1 Introduction 
The study of natural risks is often based on the understanding of remarkable past 
events, with the aim to prevent upcoming hazards. In that context, geo-historical data 
is used. But this kind of data has many imperfections: it comes from testimonies or 
archives and so it is heterogeneous, often poorly structured and imperfect in the de-
scription, location and dating of events [14]. 
The interest of Geographic Information Systems (GIS) has been demonstrated in 
the field of risk study [11]. However, this tool has two main limits in the context of 
historical data. Firstly, the temporal dimension was only recently implemented in GIS 
tools and is still poorly incorporated. Secondly, even if rules to visualize uncertainty 
exist ([8], [22], [12], [1], [17]) and may be applied in classical GIS, imperfection is 
not treated differently than other attributes of objects. The use of imperfect data in a 
GIS is a twofold issue: 1) during the modelling and the storage of the data, 2) to in-
clude imperfection in visualization. 
Our work is based on a case study: the chronology of the flood of October 1940 on 
the river Le Tech, in the South-West of France. We endeavour to visualize the im-
pacts of major historical floods on the railway system. It requires storing up in the 
GIS data about the impacts of floods, their causes and responses to the events (deci-
sions that were taken, reconstruction work). The information is intended to be visual-
ized by decision makers who are not used to use complex maps. This perspective of 
use had an important impact in our approach. Indeed, [16] proposed to adapt the visu-
alization to the users’ level of experience with graphic displays and to the type of 
tasks the displays would have to support. 
 
In this paper, we present the dimension of imperfection in geo-historical data, and 
propose some solutions to deal with the limits of GIS. Then we explore a 
chronological visualization of events and some ideas to show imperfection in the map. 
2 The Dimensions of Imperfection in Geo-Historical Data 
The information concerning risks is multidimensional. It incorporates spatial (lo-
cation and spatial development), temporal (date, duration, return period), informa-
tional (description) and also contextual dimensions (the context of the event) [7]. 
Imperfection may be found in each one. For example, in the historical data about the 
flood of 1940 on Le Tech river, we found: “At 4:30pm, le Tech reached almost the 
underside of the bridge” (vague description), “during the flood from October 17th to 
20th of 1940, most of the railway have been destroyed” (imprecise dating and location 
of impacts). So it is difficult to reconstruct the phenomena and their chronology. 
Besides, every phenomenon has a limited reliability because of the nature of sour-
ces of information (testimonies, sometimes collected a long time after the event, thus 
inducing subjectivity). Moreover, the information is incomplete because some clues 
of old events have disappeared. 
While constructing our information system, we chose to store imperfection in natu-
ral language (qualitative format) in order to distinguish the different kinds of imper-
fection. Every field of the GIS layer relative to a dimension of the information was 
lined with a second field concerning its imperfection. 
Several classifications exist to characterise the kind of imperfection affecting data 
([18], [10], [4], [9], [13]). We chose to use the classification of [20] that concern a 
large set of imperfections and that was built specifically to characterise spatial and 
temporal imperfection of natural risks data. It is presented in Figure 1. 
 
 
Fig. 1. Taxonomy of imperfect information ([19], reproduced by permission) 
This taxonomy distinguishes three types of imperfection: imprecision (the true 
value is located in a defined subset of values), inconsistency (conflict or incoherence 
in the values) and uncertainty (partial knowledge about the true value of information). 
In our dataset, we can see that 50% of the dates are imprecise or uncertain, that lead to 
difficulties when we want to study the temporality of phenomena (Table 1). 
 
 
Table 1. Typology of imperfections in our historical dataset 
3 Limits of Classical GIS to Manage Historical Information 
about Natural Risks  
3.1 Semantic versus Geometric Heterogeneity 
To store our data, we used ‘classical GIS’: ArcGis©, QGIS©.  In these GIS “one 
theme is represented by one layer of geographic information, which is a group of 
elementary objects having the same geometry (point, line or polygon)” [15].  
In our GIS, we had to deal with objects that were impacted by floods, with diverse 
geometries (e.g. station, rail track, city centre, mountainside). We had two options: 
either to create three layers for the three kinds of geometries or to create a single 
layer. We chose this second option and stored the impacts as points in the GIS, such 
as markers that indicate “that object was damaged”. This solution had the advantage 
of keeping the thematic data-logic of the GIS. Second, we thought that punctual loca-
tions lightened the map load and so lead to a clearer map for users than polygonal 
geometries, even if it had not been tested at this time. To change precise linear or 
surface geometries into points introduce more imprecision in the data. However, we 
assume that storing punctual locations as polygons would have introduced the same 
level of imprecision. 
For precise geometries, we placed the points at their barycentre or at the nearest 
point inside the surface or the line. For fuzzy locations, the point was located ran-
domly in the possible area of location, or at the most probable location according to 
the topographic context when it was possible. 
3.2 Date of phenomena and visualization 
A set of tests with policy makers, led by [5], show that this audience finds it useful to 
visualize uncertainty of data, but wants to see information with no ambiguity (“is the 
future global water balance a problem or not?”). These two statements are paradoxi-
cal. We think that this need could be answered by suppressing as much as possible the 
imperfection in the appearance of ‘raw’ data, while it is notified in an other way (al-
ternative map, pop-up window). We excluded the idea to assign a period of time 
(maximum and minimum possible dates) to damages on the rail infrastructure that 
were a priori one-time. As a consequence, we assign an only dating to each phenome-
non of the flood, even if its real date is fuzzy. We also excluded the fuzzy set theory 
[24] because it was shown that lay users tend to ignore statistical probabilities when 
making decisions [23]. 
When the date of a phenomenon was missing, we excluded to assign no date in the 
GIS because, in an animated-map context, this phenomenon would never appear in 
the visualization or always stay on it. We used the hydroclimatic context of the flood 
to deduce probable dates for events. The imperfection of the date was recorded in the 
attribute table. For example, [21] dealt with a “mudslide in Le Firal” during the flood, 
but did not write its date. The flood peak of Le Tech River was on October 17th and 
18th of 1940, and the rain intensity was maximal on October 17th. So we assigned the 
probable dating of October 17th to this phenomenon.  
3.3 Temporal precision is different between periods 
Historical events are described hour by hour in monograph about the event, such as in 
[21]. However, since the beginning of the decrease of the watercourse level, the tem-
poral granularity decreases to a daily unit. And when the situation become normal 
again, the date is even rarely quoted. In fact, the temporal precision of data depends 
on the historical period described by the testimonies. Nevertheless, in our context, it is 
important to consider the phenomena that occurred after the flood, such as the ap-
proach used to restore the traffic. 
On the one hand, for an event occurred during the flood period, we considered that 
“in the afternoon of October 18th” is an imprecise dating, because it is difficult to sort 
in a chronology with “on October 18th at 4:30pm”. On the other hand, we considered 
that a dating with a precision of the day, during the post-flood period, was precise 
because there was rarely more than one event per day in that period. Then, if two 
events happened the same day in that period, we considered that they happened at the 
same time. 
4 First map of a Historical Chronology 
Our data structuring work results in a first map of the chronology of the flood's im-
pacts, which is presented on Figure 2. Several phenomena overlay spatially across 
time on the map. As a consequence, we chose to figure the dating with the variable 
'size', in order to sort overlaid objects by size, as it was proposed by [3] in the use case 
of surfaces. That permits to see together the older phenomena (the bigger points) be-
hind the more recent ones. Even if the variable 'size' is useful to handle overlaying, it 
is not adapted to visualize qualitative data [2]. Indeed, it seemed to us that it was dif-
ficult to link visually the absolute size of a point from the map to the legend. That is 
why we also added the variable 'colour': two different hues distinguish the rise and the 
decrease of the watercourse level, while the intensity of colour increases near the peak 
of the flood. 
 
 
Fig. 2. Map of the chronology of impacts of the flood of October 1940 on the railway system in 
Le Tech watershed 
However, this first map do not show the imperfection of the data. To represent to-
gether the value of data and its imperfection is still an open research issue [12]. Some 
authors proposed solutions to map several kinds of imperfections, together with a 
quantitative attribute of the data [1]. But most of the current studies consider only one 
type of imperfection on each map, or even different representations per subtype [13]. 
How could we visualize imperfection clearly for decision makers, if different kinds of 
imperfection exist together in the dataset? And what if several dimensions of the 
dataset are tainted jointly with imperfection? 
Some courses of actions exist to answer these questions, such as the use of interac-
tivity to explore the pairs {type of imperfection, dimension of information} one after 
the other. We also think that graphic visualization next to the map could be of interest 
to show the level of imperfection for each point of the map. Using charts involve to 
transform qualitative imperfection into quantitative data. Figure 3 shows two exam-
ples of charts, that we draw by giving a mark out of ten to each subtype of imperfec-
tion, according to its supposed impact on decision making from the map. Thus we 
turn temporarily the qualitative data into an ordered one, that provides information on 
the seriousness of imperfection towards the analysis. Of course, the sequence of rank-
ing of the subtypes of imperfection depends on the context of use. This order should 
be objectivized thanks to a survey of users. 
 
Fig. 3. Visualization of the imperfection of data for the three dimensions of information (time, 
space, attribute) thanks to graphs 
5 Conclusion 
Through several examples from a concrete use case, we have tried to show that the 
construction of a historical GIS raises issues, the answers of which are largely influ-
enced by the context of use of data  
With the aim to present the impacts of a flood, we stored imperfections in a quali-
tative format. We assigned a single date and location to each phenomenon of the 
flood, even if these parameters were imprecise or uncertain, in order to simplify the 
spatio-temporal visualization. This simplification should not prevent from including 
the dimension of imperfection in the visualization. 
Nevertheless, there are still open issues. Some of these are inherent to the historical 
aspect of data and cartographers have to adapt. Others are relative to the cartographic 
visualization. In front of the limitations of GIS to deal with the temporal and uncer-
tainty dimensions, we use empirical approaches, which do not follow the rules of 
graphic semiology.  
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